abstract the aim of the experiment with 240 isa Brown hens fed the diets with standard or decreased ca level was to evaluate the effect of selected feed additives on laying performance and eggshell quality. the hens were allocated to 10 treatments, each containing 12 cages (replicates) of 2 birds. a 2 × 5 experimental arrangement was used. from 26 to 70 wks of age, experimental diets containing 3.20 or 3.70% ca were used. the diets were either not supplemented, or supplemented with sodium butyrate, probiotic bacteria, herb extracts blend or chitosan. the decreased dietary ca reduced eggshell quality indices in older hens (43-69 wks) (p<0.05) without effect on performance indices. the addition of the probiotic, herb extracts, or chitosan increased the laying rate (p<0.05). in older hens, i.e. at 69 wk, chitosan increased eggshell thickness and breaking strength, while herb extracts increased eggshell thickness (p<0.05). there was no interaction between the experimental factors in performance and eggshell quality. The used feed additives had no influence on fatty acid profile of egg lipids, however diet supplementation with chitosan decreased cholesterol concentration in egg yolk lipids (p<0.05). it can be concluded that such feed additives as probiotic, herb extracts, or chitosan may positively affect performance and eggshell quality, irrespective of ca dietary level.
nomic profitability of egg production. Roland (1988) reported that eggs with damaged shells can account for 6-10% of all produced eggs, which leads to significant economic losses at different stages of the egg production process. The eggshell quality is also important as regards the egg safety for human consumption, as lack of defects and a high eggshell resistance to breaking is necessary for protection against penetration by pathogenic bacteria into the eggs. One of the main issues concerning the quality of the eggshell is its decrease with the age of the layers, which can be attributed to the increase in egg weight without an increase in the amount of calcium carbonate deposited in the shells (Al-Batshan et al., 1994) and disorders in vitamin D 3 metabolism (Abe et al., 1982) . For this reason, the amount of cracked eggs at the end of the laying period may even be higher than 20% (Nys, 2001) . Therefore, effective methods to improve eggshell quality are of vital importance for the commercial egg industry.
Different nutritional strategies are considered to enhance the quality of eggshell in high-producing laying hens, however most of the studies have been focused on macrominerals and vitamin D 3 (Nys, 1999) , and the crucial importance of dietary Ca, P and vitamin D 3 levels and sources for eggshell quality is well known. For instance, supplying the hen with an optimal Ca intake is the most critical nutritional factor in order to ensure the proper calcification of the eggshell, but increasing the dietary level of Ca above 3.6-3.9% usually has no beneficial effect on eggshell quality (Keshavarz, 2003; Pastore et al., 2012; Jiang, 2013) . In our recent study (Swiatkiewicz et al., 2015 b) , no differences in the eggshell quality parameters were found when the laying hens were fed a diet containing 3.20, 3.70 and 4.20% of Ca. However, the results of some experiments have shown that the use of a particulate limestone as a source of Ca for laying hens can be more efficient in terms of eggshell quality (Koreleski and Swiatkiewicz, 2004; Lichovnikova, 2007) .
The findings of several experiments demonstrated that chosen feed additives may improve eggshell quality and that this influence may be attributed mainly to enhancing the availability of Ca and other minerals (Swiatkiewicz and Arczewska-Wlosek, 2012; Swiatkiewicz et al., 2015 a) . The results of the studies on the efficacy of different feed additives in the nutrition of layers are not consistent, however some findings suggest that eggshell quality may be improved by diet supplementation with pre-and probiotics, organic acids, and herb extracts (Çabuk et al., 2006; Sengor et al., 2007; Swiatkiewicz et al., 2010; Abdelqader et al., 2013 a; Abdelqader et al., 2013 b; Lokaewmanee et al., 2014; Sobczak and Kozlowski, 2015; Olgun, 2016) . Therefore, the goal of this study was to determine the effect of adding selected feed additives to the diet with standard or decreased level of calcium on egg performance and eggshell quality in high producing laying hens.
material and methods

Birds and experimental diets
A total of 240, 18-wk-old ISA Brown hens were obtained from a commercial source and placed in cages, on a wire-mesh floor, and under controlled climate con-ditions, in the poultry house of the Experimental Station of the National Research Institute of Animal Production. The cage dimensions were 30 cm × 120 cm × 50 cm, equating to 3600 cm 2 total floor space. During the pre-experimental period, i.e. from 18 to 25 wks of age, a commercial diet (170 g/kg crude protein, 11.6 MJ/kg AME N , 37.0 g/kg calcium and 3.8 g/kg available phosphorus) was offered ad libitum. At wk 26, the hens were randomly assigned to one of 10 treatments, each comprising 12 replicates (cages with 2 hens in each) and fed experimental diets until wk 70. During the experiment, the hens had free access to feed and water, and were exposed to a 14 L:10 D lighting schedule, with a light intensity of 10 lux. The composition of the experimental cereal-soybean diets is given in Table 1 . A 2 × 5 factorial arrangement was used. The experimental diets contained two dietary levels of Ca (reduced -3.20% or standard -3.70%). The diets were supplemented with five experimental additives: none, sodium butyrate (700 mg/kg, GUSTOR XXI B 70, NOREL S.A., Spain), probiotic bacteria (150 mg/kg, PROTEXIN commercial preparation contain- ; Streptococcus thermophilus -4.10 × 10 7 ; Enterococcus faecium -5.90 × 10 7 ; Aspergillus oryzae -5.32 × 10 6 ), herb extracts blend (2000 mg/kg feed, 1 kg of blend provided: dry extract from Echinacea purpurea, 4000 mg; oleoresin Salvia officinalis, 27 800 mg; oleoresin Thymus vulgaris, 5000 mg; oil extract from Rosmarinus officinalis 2500 mg; oil from Allium sativum, 1670 mg; and oil from Origanum vulgare, 1000 mg; Intermag Sp. z o.o., Poland) or chitosan (100 mg/kg used as Chimet-pasz preparation, Gumitex Poli-Farm, Poland). The nutritional composition of the experimental diets was calculated based on the chemical composition of the raw feedstuffs and the metabolisable energy value on the basis of equations from European Tables (Janssen, 1989) . The chemical composition of the feed materials was analysed using conventional methods (AOAC, 2000) . Amino acids were determined in acid hydrolysates, after the initial peroxidation of sulphur amino acids, in a colour reaction with a ninhydrin reagent using a Beckman System Gold 126AA automatic analyser. Calcium content was determined using flame atomic absorption spectrophotometry and phosphorus content using the calorimetric method (AOAC, 2000) .
measurements
During the experiment, the feed intake, number and weight of laid eggs were recorded and laying performance, daily egg mass, daily feed intake and feed conversion per kg of eggs and per individual egg calculated. At wks 30, 43, 56 and 69, one egg from each hen (24 from each treatment) was collected to determine eggshell quality, using the EQM system (Technical Services and Supplies, York, England) as described by Krawczyk et al. (2013) . At 60 wk of age, one egg from each layer from treatments 6-10 (diets with standard level of Ca) was collected to determine the fatty acid and cholesterol content of the yolk lipids. The measurements were done directly after the eggs were collected.
Cholesterol concentrations were determined in the yolks by gas chromatography (Rong-Zhen et al., 1999) . The fatty acid profile of the diets and yolks was determined on a VARIAN 3400 CX gas chromatograph, using helium as a carrier gas, and a 105 m Rtx 2330 column. The injector temperature was 200°C and the detector temperature 240°C. The samples were prepared according to Folch (1957) using methylation with BF3/methanol.
statistical analysis
The data were subjected to statistical analysis using a completely randomised design, in accordance with the GLM procedure of Statistica 5.0 (StatSoft, Inc., Tulsa, OK, USA). All data were analysed using two-way ANOVA. When significant differences in treatment means were detected by ANOVA (F-test), Duncan's multiple range test was applied to the individual means. Statistical significance was considered to be P≤0.05.
results production indices
Mean egg production in the experiment throughout the first phase of the laying cycle (26-48 wks of age) was 96.5%; daily mass of eggs, 61.0 g/hen; egg weight, 63.2 g; daily feed intake, 119 g/hen; and feed conversion, 1.95 kg of feed/1 kg of eggs; throughout the second phase (49-70 wks): 90.3%, 58.1 g, 64.5 g, 121 g/hens, and 2.08 kg/kg; and throughout the entire experimental period (25-70 wks): 93.0%, 59.4 g, 63.8 g, 120 g and 2.02 kg/kg, respectively (Tables 2, 3, 4). During the experimental period no dead birds were registered in the treatments. There were no significant differences in the production indices between the hens fed the diet with reduced or standard level of Ca (P>0.05). During the entire experimental period (26-70 wks of age), the addition of the chitosan, probiotic, or herb extracts increased the laying rate (P<0.05), without an effect on egg weight, feed intake and feed conversion ratio. 
Eggshell quality indices
The mean eggshell percentage, averaged across all dietary treatments throughout the experimental period was 11.0% at 30 wk of age; 10.6% at 43 wk of age; 10.9% at 56 wk of age; and 10.6% at 69 wk of age (Tables 5 to 8 (Tables 5 to 8 ). The studied feed additives had no effect on eggshell quality indices at 30-56 wks of age (Tables 5 to 7) , however in older hens, i.e. at 69 wk, diet supplementation with chitosan increased eggshell thickness and breaking strength, while the addition of herb extracts improved the eggshell thickness (P<0.05) ( Table 8 ). 
fatty acid and cholesterol content in yolk lipids
Experimental additives included in the diet with standard level of Ca did not significantly affect the fatty acid profile of egg lipids, but diet supplementation with chitosan decreased the content of cholesterol in the yolks (P<0.05) (Tables 9 and 10). 
discussion production indices
The obtained performance results are in accordance with our previous study and indicate that 3.20% Ca in the hens' diet is sufficient to maintain good egg production indices (Swiatkiewicz et al., 2015 b) . Similar findings were obtained in an earlier experiment by Keshavarz and Nakijima (1993) , who found that increasing Ca concentration in the diet (3.50-5.50%) had no effect on the performance of the hens.
Likewise, Pelicia et al. (2009) reported no effect of an increase of Ca dietary level from 3.0 to 4.5% on egg production indices. More recently, An et al. (2016) did not find any influence of dietary Ca level (3.5-4.7% in the diet) on the performance of aged laying hens (70-80 wks of age). Saafa et al. (2008) reported, however, that older layers (58-73 wks of age) require more than 3.5% Ca in the diet for optimal egg production, since an enhancement in Ca dietary concentration to 4.0% significantly increased the laying rate and egg mass, as well as improved the feed conversion ratio.
In this study the supplementation with chitosan, probiotic, or herb extracts positively affected the laying rate during the entire experimental period. Chitosan is soluble in water N-deacetylated product of chitin, which is well digested by birds (Swiatkiewicz et al., 2015 c) and its positive influence on the laying rate -as observed in this experiment -may be due to its effect on intestinal morphology and the presence of hypertrophied villi and epithelial cells in birds fed with dietary chitosan (Khambulai et al., 2009) . Similarly, in our previous work chitosan increased the laying performance in hens fed a diet containing a high level of DDGS (Swiatkiewicz et al., 2013) . The beneficial effect of chitosan on performance parameters was also found in studies with broiler chickens and ducks (Shi et al., 2005; Yuan and Chen, 2012) .
The positive effects of probiotic on laying rate observed in this study can be attributed to several mechanisms of probiotic bacteria action in the animal organism, i.e. beneficial alteration in intestinal flora, prevention of proliferation of pathogen bacteria, enhancement of growth-forming lactic acid, improvement of nutrient digestibility, modulation of the immune system, and a decrease of inflammatory reactions (Alloui et al., 2013) . The positive influence of the layer diet probiotic in laying hens was also observed by Yörük et al. (2004) who reported that diet supplementation with probiotic increased egg production without an effect on egg quality. Similarly, Loh et al. (2014) found increased egg production in hens fed a diet containing Lactobacillus plantarum probiotic bacteria. In the recent experiment by Guo et al. (2017) the positive effect of dietary probiotic (Bacillus subtilis) was reflected in improved feed conversion ratio (g of feed/g of produced eggs). In contrast, some other authors did not observe a positive effect of lactic acid-producing bacteria on laying performance (Mahdavi et al., 2005; Mikulski et al., 2012) .
The majority of experiments with herb extracts on laying hens were aimed at improving egg quality indices, however Olgun (2016) recently reported the positive effect of herb extracts (a mixture of oils from thyme, black cumin, fennel, anise and rosemary) on egg weight and egg mass, without affecting the laying rate, feed intake and feed conversion ratio. Çabuk et al. (2006) showed that diet supplementation with herb extracts (oregano, laurel leaf, sage leaf, myrtle leaf, fennel seeds and citrus peel oils) tends to improve egg production and feed conversion ratio. Akbari et al. (2016) observed an improvement in laying performance, egg mass, and feed conversion ratio in layers under cold stress conditions and fed with an addition of peppermint and thyme essential oils. In contrast, Bozkurt et al. (2012 a) did not find any influence of diet supplementation with essential oil mixture on egg production indices. Ghasemi et al. (2010) observed no differences in egg production and feed conversion ratio between hens fed a diet not supplemented or supplemented with garlic and thyme, however herbs' addition increased egg weight. The inconsistency in the findings on the effects of probiotics and herb extracts on egg production indices was probably due to the differences in the used species and dietary concentrations of these additives.
Eggshell quality indices
In our study the decreased dietary Ca level had negative influence on eggshell quality parameters in older hens. In general, the literature data on the influence of dietary Ca levels on eggshell quality are inconsistent. In their recent study, An et al. (2016) showed that the number of cracked eggs linearly decreased in association with a linear improvement of eggshell breaking strength and thickness when dietary Ca concentration increased from 3.5 to 4.7%. Saafa et al. (2008) found in a study with hens late in the production cycle that eggshell weight, thickness and density was increased when dietary Ca levels were enhanced from 3.5 to 4.0%. The results of the experiment with aged laying hens (58-93 wks of age) showed, similarly to results of our study, that Ca requirements for optimal eggshell quality in hens in the second phase of laying hens are slightly higher than the NRC recommendations (Bar et al., 2002) . On the other hand, Cufadar et al. (2011) did not find any effect of Ca level in the diet for moulted layers (3.0-4.2%) on shell breaking strength, relative weight and thickness. Jiang et al. (2013) even reported that laying hens fed diets with high Ca concentrations (4.4%) had decreased shell thickness in comparison with the control group (3.7% Ca). Such inconsistency in the results of studies on the effect of dietary Ca level on eggshell quality may be attributed to different factors that can affect the requirement of layers for Ca, e.g. differences in the strains and age of hens or the content of other nutrients (mainly phosphorus) in the diet.
The results of this experiment showed that such feed additives as chitosan and herb extracts can improve some eggshell quality indices in older hens. The literature data on the effect of chitosan are limited; however, Yoo et al. (2006) reported increased eggshell breaking strength after diet supplementation with this additive. In contrast, in our previous study we did not find any influence of dietary chitosan on the hens' eggshell quality during 26-55 wks of age (Swiatkiewicz et al., 2013) . Similarly, no differences in eggshell breaking strength and thickness in layers fed the diet not supplemented or supplemented with chitosan were observed by Meng et al. (2010) .
There is some inconsistency in the scientific findings on the efficacy of herb extracts as regards eggshell quality, but in accordance with our results Çabuk et al. (2006) showed that a mixture of essential oils (oregano, laurel leaf, sage leaf, myrtle leaf, fennel seeds, and citrus peel oil) can decrease the number of cracked or broken eggs in older laying hens (54-74 wks of age). Correspondingly, Zhou et al. (2009) reported increased shell breaking strength and tibia bone indices in aged layers fed a diet supplemented with traditional Chinese herbs, indicating that the mechanism of this positive influence of the herbs was possibly associated with minimising structural bone loss and stimulating bone mineral absorption in old osteoporotic hens. Olgun (2016) reported increased eggshell thickness, without differences in eggshell weight and breaking strength, in hens (33 wk of age) fed a diet supplemented with herb extracts. Also, Lokaewmanee et al. (2014) observed that dietary plant extracts (red clover and garlic) increased eggshell breaking strength and indicated that this beneficial influence could probably be attributed to the observed improvements in histological measurements of the small intestine. In contrast, some authors found no positive effect of diet supplementation with herb products in terms of eggshell quality improvement (Bozkurt et al., 2012 b; Swiatkiewicz et al., 2013) .
fatty acids and cholesterol content in yolk lipids
We did not find any effect of used feed additives on fatty acid profile of egg yolk lipids, however diet supplementation with chitosan reduced yolk cholesterol concentration. In accordance with these observations, Nogueira et al. (2003) and Swiatkiewicz et al. (2013) reported that dietary chitosan reduced cholesterol concentration in the yolk lipids. As was shown by Razdan et al. (1997) , the hypocholesterolemic effect of dietary chitosan is probably connected with increased binding of bile acids by this additive and, in consequence, with the reduction of the concentration of duodenal bile acids. The positive effect of chitosan on the lipid metabolism was also observed in broiler chickens, and this was connected with a reduction of cholesterol and triglycerides concentration in the blood (Razdan and Petterson, 1994; Razdan et al., 1997) and with a decrease of the abdominal fat pad, without affecting the growth performance parameters (Kobayashi et al., 2002) .
conclusions
Based on the results of this study, it can be concluded that feed additives such as probiotic, herb extracts, or chitosan can beneficially affect laying performance and eggshell quality in aged laying hens, irrespective of Ca dietary level. 
